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Abstract
The Λb → J/ψΛ decay does not receive any nonspectator contributions and hence its theoretical
calculation is relatively clean. Two different methods are employed for the study of Λb → J/ψΛ.
In the first method, both b and s quarks are treated as heavy and leading 1/ms as well as 1/mb
corrections are included. The branching ratio and the asymmetry parameter α are found to be
(0.7 − 1.5) × 10−3 and 0.18, respectively. In the second method, only the b quark is treated as
heavy. The prediction of the decay rate is very sensitive to the choice of the q2 dependence for
form factors. We obtain α = 0.31 and B(Λb → J/ψΛ) ≃ 1.6 × 10−4 for dipole q2 behavior as well
as 8.2 × 10−4 for monopole q2 dependence. We conclude that B(Λb → J/ψΛ) <∼ 10−3 and α is of
order 0.20 ∼ 0.30 with a positive sign.
1
The Λb → J/ψΛ decay was originally reported by the UA1 Collaboration [1] with the
result
F (Λb)B(Λb → J/ψΛ) = (1.8± 0.6± 0.9)× 10−3, (1)
where F (Λb) is the fraction of b quarks fragmenting into Λb. Assuming F (Λb) = 10% [1],
this leads to
B(Λb → J/ψΛ) = (1.8± 1.1)%. (2)
However, both CDF [2] and LEP [3] did not see any evidence for this decay. For example,
based on the signal claimed by UA1, CDF should have reconstructed 30 ± 23 Λb → J/ψΛ
events. Instead CDF found not more than 2 events and concluded that
F (Λb)B(Λb → J/ψΛ) < 0.50× 10−3. (3)
The limit set by OPAL is [3]
F (Λb)B(Λb → J/ψΛ) < 1.1× 10−3. (4)
Hence, a theoretical estimate of the branching ratio for this decay mode would be quite
helpful to clarify the issue.
The exclusive two-body decays of the Λb is predominated by Λb → Λ(∗)c pi(ρ). However,
the decay Λb → J/ψΛ is of particular interest from the theoretical point of view. At the
quark level, the nonleptonic weak decays of the baryon usually receive contributions from
external W -emission, internal W -emission andW -exchange diagrams. At the hadronic level,
these contributions manifest as factorizable and pole diagrams. It is known that, contrary
to the meson case, the nonspectator W -exchange effects in charmed baryon decays are of
comparable importance as the spectator diagrams [4]. Unfortunately, in general it is difficult
to estimate the pole diagrams. Nevertheless, there exist some decay modes of bottom baryons
which proceed only through the internal or external W -emission diagram. Examples are
internal W−emission : Λb → J/ψΛ, Ξb → J/ψΞ, Ωb → J/ψΩ,
external W−emission : Ωb → Ωcpi. (5)
Consequently, the Λb → J/ψΛ decay is free of nonspectator effects and its theoretical calcu-
lation is relatively clean.
The Λb → J/ψΛ decay has been considered in Ref.[5] using the heavy s quark approach.
The purpose of this short Letter is to update the analysis of Ref.[5] and furthermore present
a quark-model estimate of its decay rate. Theoretical uncertainties are then addressed.
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The general amplitude of Λb → J/ψΛ has the form
A(Λb → J/ψΛ) = iu¯Λ(pΛ)ε∗µ[A1γµγ5 + A2(pΛ)µγ5 +B1γµ +B2(pΛ)µ]uΛb(pΛb). (6)
Under factorization assumption, the internal W -emission contribution reads
A(Λb → J/ψΛ) = GF√
2
VcbV
∗
csa2〈J/ψ|c¯γµ(1− γ5)c|0〉〈Λ|s¯γµ(1− γ5)b|Λb〉, (7)
where a2 is an unknown parameter introduced in Ref.[6]. It follows from Eqs.(6) and (7)
that
A1 = −η[g1(m2J/ψ) + g2(m2J/ψ)(mΛb −mΛ)],
A2 = −2ηg2(m2J/ψ),
B1 = η[f1(m
2
J/ψ)− f2(m2J/ψ)(mΛb +mΛ)], (8)
B2 = 2ηf2(m
2
J/ψ),
with η = GF√
2
VcbV
∗
csa2fJ/ψmJ/ψ, where fi and gi are the form factors defined by
〈Λ(pΛ)|s¯γµ(1− γ5)b|Λb(pΛb)〉 = u¯Λ[f1(q2)γµ + if2(q2)σµνqν + f3(q2)qµ
−(g1(q2)γµ + ig2(q2)σµνqν + g3(q2)qµ)γ5]uΛb, (9)
where q = pΛb − pΛ. Evidently, the main task is to compute the form factors.
In principle, one can apply the quark model to calculate the form factors fi and gi directly.
However, the difficulty is that, as we shall see, the value of the form factors at q2 = m2J/ψ
is very sensitive to the choice of their q2 dependence. Instead we would like to appeal to
the methods in which model dependence is kept to minimum. We will consider two different
methods to estimate the rate of Λb → J/ψΛ. 1 In the first method, both b and s quarks
are treated as heavy. Since the s quark mass in the baryon is only of order 500 MeV, it is
important to estimate the 1/ms corrections to see if it makes sense to apply heavy quark
symmetry to the s quark at first place. In the second method, only the b quark is treated as
heavy. Using the recent CLEO measurement for the form-factor ratio in Λc − Λ transition,
one can deduce the form-factor ratio in the Λb − Λ matrix element.
In the heavy b-quark and s-quark limit, the form factors are simply given by f1 = g1 = 1
at zero recoil and f2 = g2 = f3 = g3 = 0 [8]. Following Ref.[9] to add the 1/ms and 1/mb
corrections, we obtain 2
f1 = g1 =
[
1 +
Λ¯
2ms
1
1 + ω
(
ω − mΛ
mΛb
)
+
Λ¯
2mb
1
1 + ω
(
ω − mΛb
mΛ
)]
h,
1These two methods were already elaborated on in Ref.[7] for the Λb → Λγ decay.
2The (1−mΛ/mΛb) term in Eq.(27) of Ref.[5] should read (ω−mΛ/mΛb). Contrary to some claims made
in the literature, it is not necessary to introduce a Clebsch-Gordon coefficient 1/
√
3 in Eq.(10).
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f2 = g3 = − Λ¯
2(1 + ω)
(
1
msmΛb
+
1
mbmΛ
)
h, (10)
f3 = g2 = − Λ¯
2(1 + ω)
(
1
msmΛb
− 1
mbmΛ
)
h,
with ω ≡ vΛb · vΛ = 1.86, Λ¯ = mΛb −mb = mΛc −mc = mΛ −ms ≈ 700 MeV, and
h =
(
αs(mb)
αs(mc)
)−6/25 (
αs(mc)
αs(ms)
)−6/27 (
αs(ms)
αs(µ)
)aL(ω)
ζ(ω, µ), (11)
where ζ(ω) is a universal baryonic Isgur-Wise function normalized to unity at zero recoil
or vΛb · vΛ = 1, and the expression for aL(ω) can be found in Ref.[10]. As in Ref.[5] we
choose the normalization scale µ ∼ ms so that αs(µ) ∼ 1 and h ≃ 1.23 ζ(ω, µ). We see
from Eq.(10) that the 1/ms correction to the Λb → J/ψΛ amplitude is quite sizeable, about
40% for ms = 500 MeV. Therefore, higher order 1/ms corrections should be included for a
realistic comparsion with experiment. In practice, however, it is impossible to carry out this
formidable task in terms of the present technique.
In order to estimate the Λb → J/ψΛ rate, we employ two recent models for ζ(ω):
ζ(ω) =


0.99 exp[−1.3(ω − 1)], soliton model [11];(
2
ω+1
)3.5+ 1.2
ω , MIT bag model [12].
(12)
Hence, ζ(ω = 1.86) ranges from 0.23 to 0.32. The decay rate is given by [13]
Γ(Λb → J/ψΛ) = 1
8pi
EJ/ψ +mJ/ψ
mΛb
pc

2(|S|2 + |P2|2) + E
2
J/ψ
m2J/ψ
(|S +D|2 + |P1|2)

 , (13)
with
S = −A1,
D =
p2c
EJ/ψ(EΛ +mΛ)
(A1 −mΛbA2),
P1 = − pc
EJ/ψ
(
mΛb +mΛ
EΛ +mΛ
B1 +mΛbB2
)
, (14)
P2 =
pc
EΛ +mΛ
B1,
where pc is the c.m. momentum. Using |Vcb| = 0.040 [14], τ(Λb) = 1.07 × 10−12s [15],
a2 ∼ 0.23, 3 and fJ/ψ = 395MeV extracted from the observed J/ψ → e+e− rate, Γ(J/ψ →
e+e−) = (5.27± 0.37) keV [15], we find
B(Λb → J/ψΛ) = 1.42× 10−2|ζ(ω)|2 = (0.7− 1.5)× 10−3. (15)
3The parameter a2 is extracted from B → ψK(K∗) and B → D(D∗)pi(ρ) decays to be 0.227± 0.013 and
0.23± 0.06 respectively [16].
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When the longitudinal polarization of the Λ is measured or anisotropy in angular distribution
is produced in a polarized Λb decay, it is governed by the asymmetry parameter α given by
[13]
α =
4m2J/ψRe(S
∗P2) + 2E
2
J/ψRe(S +D)
∗P1
2(|S|2 + |P2|2)m2J/ψ + (|S +D|2 + |P1|2)E2J/ψ
. (16)
Numerically, it reads
α(Λb → J/ψΛ) = 0.18 . (17)
The above prediction for the branching ratio is smaller than our previous estimate 4.6×
10−3 [5] due to the decrease of (i) the baryonic Isgur-Wise function ζ(ω) from 0.53 to 0.23-
0.32, (ii) the lifetime τ(Λb) from 1.34 × 10−12s to 1.07 × 10−12s, and (iii) |Vcb| from 0.044
to 0.040. On the other hand, f1 and g1 are increased by 20% owing to the replacement of
(1 −mΛ/mΛb) by (ω −mΛ/mΛb) [see the footnote #2 right before Eq.(10)]. The net result
is a decrease of the branching ratio for Λb → J/ψΛ.
We next turn to the second method in which only the b quark is treated as heavy. Since
this method is already elucidated in Ref.[7], we will recapitulate it here. In the heavy b-qaurk
limit, there are only two independent form factors F1 and F2 [17]:
〈Λ(p)|s¯γµ(1− γ5)b|Λb(v)〉 = u¯Λ
(
FΛbΛ1 (v · p) + v/FΛbΛ2 (v · p)
)
γµ(1− γ5)uΛ
b
, (18)
which are related to the standard form factors by
f1(q
2) = g1(q
2) = F1(q
2) +
mΛ
mΛb
F2(q
2),
f2(q
2) = g2(q
2) = f3(q
2) = g3(q
2) =
1
mΛb
F2(q
2). (19)
Form factors fi and gi can be calculated in the quark model (e.g. the non-relativistic quark
model and the MIT bag model) by first evaluating them at zero recoil, where the use of the
quark model is supposed to be most trustworthy, and then extrapolating them to the desired
q2 under some assumption on their q2 dependence [18]. We now try to reduce the model
dependence by considering the form-factor ratio R ≡ F2/F1. Note that the same ratio for
Λc → Λ transition has been measured recently by CLEO to be [19]
RΛcΛ = −0.33± 0.16± 0.15 . (20)
In the heavy quark limit, RΛbΛ is identical to RΛcΛ at the same heavy quark velocity. At
zero recoil or q2 = q2m ≡ (mΛb −mΛ)2, f1 is reduced to the usual vector coupling constant,
5
which is found to be 0.95 in the MIT bag model [7]. 4 Substituting this and RΛbΛ into (19)
leads to
g1(q
2
m) = f1(q
2
m) = 0.95 , g2(q
2
m) = f2(q
2
m) = −0.060GeV−1, (21)
where only the central values are used for f2 and g2. The q
2 dependence for form factors is
usually parametrized as
f(q2) = f(q2m)
(
1− q2m/m2∗
1− q2/m2∗
)n
≡ f(q2m)ζˆ(q2), (22)
where m∗ is a pole mass and ζˆ(q
2) plays the same role as the Isgur-Wise function ζ(v ·v′). In
practice we will take n = 1, 2, corresponding to monopole and dipole behavior, respectively.
Taking m∗ = 5.42 GeV,
5 we obtain
B(Λb → J/ψΛ) = 4.0× 10−3
∣∣∣ζˆ(m2J/ψ)∣∣∣2
=
{
1.6× 10−4 dipole;
8.2× 10−4 monopole, (23)
and
α(Λb → J/ψΛ) = 0.31 . (24)
We see that the branching ratio is very sensitive to the choice of form-factor q2 dependence.
To summarize, two different methods have been employed to study the Λb → J/ψΛ
decay. The first method is model independent, but it is subject to possible large higher
order 1/ms corrections. The second method takes into account ms effects to all orders, but
the sensitivity on the choice of form-factor q2 behavior renders it impossible to make definite
predictions. Nevertheless, we can conclude that B(Λb → J/ψΛ) <∼ 10−3 and α is of order
0.20 ∼ 0.30 .
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4The form factor g1 is essentially reduced to the axial vector coupling constant. We found g1(q
2
m
) = 0.86
in the bag model. In the heavy quark effective theory, the difference between fi and gi arises from 1/mb
corrections.
5This is the mass of B∗s (1
−). The pole mass m∗ is the same for fi and gi in the heavy quark limit.
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